Dot Product Between Vectors

Consider two vectors A = Ayi + A,j + Ak and B = Byi+ Byj + B:k.

« A-B=ABcos¢ = AB4 = BAp. A
-A-B=B-A
A-B=ABif A| B
«A-B=0ifALB
« A-B = (A + Ayj + Azk) - (Bi+ Byj + B:k)
= ABy(1-1) + AyBy(i-]) + AxB.(i- k)
+AyBy(j-1) + AyBy(G-7) + AyB-(j - k)
+A;By (k- 1) + A:By (k- j) + A:B: (k- k).
Use ?~;:2~A’:IA<-12:1,
ij=jk=k-i=0.
+ = A-B=AB:+A,B, +A:B..

Ap=Acos ¢
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Cross Product Between Vectors

Consider two vectors A = Ayi + A,j + Ak and B = Byi+ Byj + B:k.

<A x B = ABsin¢ 7.

- AxB=-BxA.

AxA=o.

- AxB=ABn if AL

-AxB=0if A|B.

« AxB = (Ayi+Ayj + Ask) x (Byi+ Byj + B:k)

= AB,(1x 1) + Ay By(?xf)—',-A B.(ixk)
+AyBx(] x 1) +AyBy(] x7) +AyB.(j x k) =
+A;By(k x 7) +A By (k % J) + A;B. (k x k). A
cUseixi=jxj=
ixj=k jx

+ (A:By — AsB.)j + (AxBy — AyBo)k.

tsl230



Magnetic Dipole Moment of Current Loop

tsla75

N: number of turns

I: current through wire

A: area of loop

f: unit vector perpendicular to plane of loop

#i = NIAf: magnetic dipole moment

B: magnetic field

T=1jix B: torque acting on current loop




Torque on Current Loop

« magnetic field: B (horizontal)

- area of loop: A =ab

- unit vector L to plane of loop: 7

- right-hand rule: # points up.

- forces on sides a: F = IaB (vertical)

- forces on sides b: F = IbB (horizontal, not
shown)

« torque: T = Fbsin 0 = [ABsin @

+ magnetic moment: ji = IAf

- torque (vector): T =ji x B

tsl196



Magnetic Moment of a Rotating Disk e

Consider a nonconducting disk of radius R with a uniform surface charge density ¢. The disk rotates with
angular velocity @.

Calculation of the magnetic moment ji:

« Total charge on disk: Q = o(7tR?).

« Divide the disk into concentric rings of width dr.

« Period of rotation: T = z—n \£
w \o
« Current within ring: dI = dTQ = U(Zmdr)% — owrdr.

+ Magnetic moment of ring: du = dI(ntr?) = mowridr.
R
+ Magnetic moment of disk: y = / nowridr = %UR“W.
0

. 1
+ Vector relation: ji = %JR‘%D = ZQRZE;.
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Direct-Current Motor

Armatuse

Motor
frame
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Galvanometer

Measuring direct currents.
+ magnetic moment ji (along needle)

- magnetic field B (toward right)
- torque 7 = i x B (into plane)

tsls09
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spring




Magnetic Dipole in Uniform Magnetic Field bt

+ Magnetic dipole moment: ji = IAn
- Torque exerted by magnetic field: 7 =i x B
- Potential energy: U= —ji-B

6 6
u) = —/ T(0)do = yB/ sin0df = —uBcos 0
/2 /2
Note: 7(6) and d6 have opposite sign.

9 =IAN

A
n

() &
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Electric Dipole in Uniform Electric Field hﬁiﬁh'

- Electric dipole moment: = 4L
« Torque exerted by electric field: T =p x E
- Potential energy: U= —p-E
0 0
u) = —/ 7(0)do = pE/ sin0df = —pE cos 0
/2 /2
Note: 7(0) and d6 have opposite sign.
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Magnetic Force Application (11)

If the magnetic moment of the current loop (1) is y = 1Am?2, what are the magnetic moments M2, U3, g Of the
current loops (2), (3), (&), respectively?

M )
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.

(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.
(

d) Sketch the circular path of the proton in the graph.
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB=32x10"¥N.
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB=32x10"¥N.

2
mod _mog _
(b) - = quB = r= e 8.35mm.
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Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB =32 x107¥N.
2

(b) @ =quB = r= m—zo = 8.35mm.
2y 21tm ! *
() T="— =" =13.1ps.

20 qB

tsl435



Unit Exam lll: Problem #1 (Spring "12) M
In a region of uniform magnetic field B = 5mTi, a proton (m = 1.67 x 10~7kg, g = 1.60 x 10-°C) is launched
with velocity vp = 4000m/sk.

(a) Calculate the magnitude F of the magnetic force that keeps the proton on a circular path.
(b) Calculate the radius r of the circular path.

(c) Calculate the time T it takes the proton to go around that circle once.

(

d) Sketch the circular path of the proton in the graph.

Solution:

(@) F=quoB =32 x107¥N.
2

(b) @ =quB = r= m—zo = 8.35mm.
2y 21tm ! *
() T= o = B = 13.1pus.

(d) Center of circle to the right of proton’s initial position (cw motion).
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Magnetic Force Application (6)

An electric current flows through each of the letter-shaped wires in a region of uniform magnetic field
pointing into the plane.

+ Find the direction of the resultant magnetic force on each letter.

= < <

z
=
z
™

¥

B
® w

%2}
&
22}
s}
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Magnetic Force Application (7) !mﬁm.'

The rectangular 20-turn loop of wire is 10cm high and 5cm wide.
It carries a current I = 0.1A and is hinged along one long side.

It is mounted with its plane at an angle of 30° to the direction of a uniform magnetic field of magnitude
B = 0.50T.

+ Calculate the magnetic moment p of the loop.

+ Calculate the torque 7 acting on the loop about the hinge line.

) 30°

a=10cm

IL B_

b=5cm

tsl202



Magnetic Force Application (10)

A triangular current loop is free to rotate around the vertical axis PQ.

If a uniform magnetic field B is switched on, will the corner R of the triangle start to move out of the plane,
into the plane, or will it not move at all?

Find the answer for a field B pointing

(a) up,
(b) to the right,
(c) into the plane. P :
< R
I @ 1 B

(b) —B

Q' ) ® B

tsl2o5



Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
n_y
A
> a
X
—_—
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Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
n
A
> a
X
Solution: >
z B

(@) i = (7A)(45m?)k = 315Am°k.
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Intermediate Exam IlI: Problem #1 (Spring '07) hﬁiﬁh'

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

y
o
A
> a
. X
Solution: 3
VA

B
(@) i = (7A)(45m?)k = 315Am°k.
(b) E=1IL x B = (7A)(5mj) x (3T7) = —105Nk.

tsl365



Intermediate Exam IlI: Problem #1 (Spring '07) YT

Consider a rectangular conducting loop in the xy-plane with a counterclockwise current I = 7A in a uniform
magnetic field B = 3T7.

(a) Find the magnetic moment ji (magnitude and direction) of the loop.
(b) Find the force F (magnitude and direction) acting on the side ab of the rectangle.

(c) Find the torque 7 (magnitude and direction) acting on the loop.

Yy
o
A
> a
X
Solution -y
z B

@) ji=
(b) F= IZ B= (7A)(5m]) x (3T1) = —105Nk.
(c) T =ji x B = (315Am?k) x (3T7) = 945Nm]
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Unit Exam llI: Problem #1 (Spring '08) ey

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

ts1381



Unit Exam lll: Problem #1 (Spring '08) M

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

Solution:

_ Ho(BA)  mo(5A) _ -
(a) B= 20(2m) - 2"( ) (9.42—7.85) x 1077T

= B=157x107"T ®
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Unit Exam lll: Problem #1 (Spring '08) M

Consider two circular currents I; = 3A at radius r; = 2m and I, = 5A at radius , = 4m in the directions shown.
(a) Find magnitude B and direction (®, ®) of the resultant magnetic field at the center.

(b) Find magnitude y and direction (®, ®) of the magnetic dipole moment generated by the two currents.

Solution:

_ Ho(BA)  mo(5A) _ -
(a) B= 20(2m) - 2"( ) (9.42—7.85) x 1077T

= B=157x107"T ®
(b) p = m(4m)?(5A) — w(2m)?(3A) = (251 — 38) Am?
= p=213Am> ©

ts1381



Unit Exam IlI: Problem #1 (Spring '09) IO

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.
(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from

rotating.
g L

8m

P--- ~--Q

8m




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from

rotating.
g L

8m
Solution: P--- ---Q

(a) i = (3A)(32m?)i = 96Am?i. 8m




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
(a) ji = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
R




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
@) 7 = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
(c) Fiy = (3A)(8v2m)(0.5T)(sin45°) = 12N @. R




Unit Exam llI: Problem #1 (Spring '09)

tsl395

A triangular conducting loop in the yz-plane with a counterclockwise current I = 3A is free to rotate about the
axis PQ. A uniform magnetic field B = 0.5Tk is present. (a) Find the magnetic moment i (magnitude and
direction) of the triangle.

(b) Find the magnetic torque 7 (magnitude and direction) acting on the triangle.
(c) Find the magnetic force F; (magnitude and direction) acting on the long side (hypotenuse) of the triangle.

(d) Find the force Fx (magnitude and direction) that must be applied to the corner R to keep the triangle from
rotating.

L
8m
Solution: P--- ---Q
@) ji = (3A)(32m?)i = 96Am?i. 8m
(b) 7 =i x B = (96Am?) x (0.5Tk) = —48Nm. B
(c) Fiy = (3A)(8v2m)(0.5T)(sin45°) = 12N @. R
(d) (—8mk) x Fr = —T=48Nmj = Fr = —6Ni. y



Unit Exam IlI: Problem #1 (Spring "13) O
In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.
(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.
y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.

2
my
(b) F= TO = quoB
moy  mog

= = - = q—B = 0.835cm.

y [em]
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Unit Exam llI: Problem #1 (Spring "13) M

In a region of uniform magnetic field B a proton (m = 1.67 x 10~%’kg, g = 1.60 x 1071°C) experiences a force
F = 8.0 x 10" 19N as it passes through point P with velocity vy = 2000m/sk on a circular path.

(a) Find the magnetic field B (magnitude and direction).
(b) Calculate the radius r of the circular path.

(c) Locate the center C of the circular path in the coordinate system on the page.

Solution:

(@) B= £ a0 1073T, i=kx(-j)
700

= B =-250x1073Tj.
2
muo,
(b) F= TO = quoB
2
muy _ m _
F =B 0.835cm.

(c) C =3.84cmi+ 3.00cmk.

y [em]

= r=
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Charged Particle in Crossed Electric and Magnetic Fields (1)

tsl208

d
« (1) Fp = m2ox _ —quyB = =

+ Release particle from rest.
« Force: F=gq(E+73x B)

doy 4B

dt it - om
doy dv, ¢B qE
(2) Fy—mﬁ—quBJrqE = E—Evy‘l’a

+ Ansatz: vy (t) = wy cos(wot) + uy, vy(t) = wy sin(wot) + uy

- Substitute ansatz into (1) and (2) to find w, wy, uy, 1y, w.

. __1B 9B
+ (1) —wowy sin(wpt) = — oy sin(wot) — o
B B E
- (2) wowy cos(wot) = T2, cos(wot) + 2y, 4+ 1=
m m m
B
s = uy, =0, uX:fE, woz%, Wy =wy =w

. . E
+ Initial condition: v,(0) = v,(0) = 0= w = B




Charged Particle in Crossed Electric and Magnetic Fields (2)

« Solution for velocity of particle:

o= os ()] <f>

- Solution for position of particle:
_E gt qBt q Et
w/ [ws(*) - z) 5
/ th Em 1 L
B ~ B

+ Path of particle in (x,y)-plane: cycloid

tsl2o9




Hall Effect _!:Tm!%%ﬁl
Method for dermining whether charge carriers are positively or negatively charged.

- Magnetic field B pulls charge carriers to one side of conducting strip.

« Accumulation of charge carriers on that side and depletion on opposite side produce transverse electric
field E.

+ Transverse forces on charge carrier: Fg = gE and Fp = qu;B.
- In steady state forces are balanced: Fr = —Fp.
- Hall voltage in steady state: Vy = Ew = v;Bw.

positive charge carriers negative charge carriers
(Iw) l’)'
+|I — _AAA + =
I W
| Bin ; . Bin 1
e e
3 T il I
+q - = - |
U4 (‘L Ty Ti}

=== B
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Magnetic Force Application (9)

Two charged particles are released in different uniform fields. Ignore gravity.

(a) Find the the horizontal velocity components vg,, g, and the vertical velocity components vg,, vg, at the
instant each particle hits the wall.

(b) Find the times tg, tg it takes each particle to reach the wall.

A
! B=IT
TE: IN/C "1m R
@— 'oe—
q=1C vy=1m/s q=1C vy=1l/m/s

m = lkg m = 1kg
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Magnetic Force Application (12)

An electric current I = 1A flows through the M-shaped wire in the direction indicated. The wire is placed in a
magnetic field B = 1T pointing into the plane.

(a) Find the magnitude of the magnetic forces F;, F», F3, F4 acting on each part of the wire.
(b) Find the direction of the resultant force F = F; + F, + E5 + E4 acting on the wire.

N
B NW = NE
X w E

SW _ SE

tsl2o7



Magnetic Force Application (4) !mim.'

A negatively charged basketball is thrown vertically up against the gravitational field 3.
Which direction of

(a) a uniform electric field E,

(b) a uniform magnetic field B

will give the ball a chance
to find its way into the basket?
(up/down/left/right/back/front) g
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